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A SHEAR STABILIZED CYLINDRICALLY SYMMETRIC MIRROR PLASMA

In order to avoid flute instabilities, magnetic mirror plasmas
are almost always confined in minimum B configurations. >” While these

configurations are MHD stable, they are not cylindrically symmetric.

However cylindrically symmetric configurations have certain advantages

in that the coil structures are much simpler. Also it might be possi-

ble to compress a cylindrically symmetric mirror confined plasma with

an imploding liner. This note proposes such a cylindrically symmetric

MHD stable mirror plasma.

The idea is to use shear stabilization rather than minimum B.

This essentially means running a current through the center of the

mirror field.

To analyze this, model the flute instability by a simple g mode.
Let us assume a 2:1 mirror ratio so the radius of the plasma at the
midplane is larger by \fE' than at the mirror neck, as shown in Fig. 1.

Model the field line by

R + 0.15 r cos 2%5 * (1)

] Then the minimum radius of curvature R (at midplane) is 1/R

2
0.15 r, (%?[) . This corresponds to the most unstable gravity.

Note: Manuscript submitted October 30, 1979. r




Then say

v 2
Ry S 2 . [2nV
g 5 0.15 Vi r (L ) (2) p
Now the Suydam style criterion3’4 for stabilizing g modes is
ap 4Tgp L2
] 2/p2 ~ oS 1
4rg o= Ls/Bo —z—ro Bo L (3)

where Ls is the shear length

B
-1 2014q
L B, qdr %)
and
ZﬂBzr
v - BoL (5) '

2B
= 6
Sl e (6)
Z
Taking r = r, the shear stabilization condition becomes
5 21rro .
8movy (0.15) T )< B (7)
If n = 10, T, = 1 Kev, R, =2 cm, L =40 cn like the plasma in
Ref. 2, we find,
Be(ro) = 200 G, (8) &




since Be = I/Sro that this means a current down the center
I 2K Amps. 9
which is a relatively modest current.

This current could come from a wire or discharge down the
middle. If the latter, the discharge itself must be MHD stable also.
If the electrode radius (assumed to be at mirror neck) is 0.7 cm and
current radius is a = 1 cm at midplane, then if I = 2 kA amps and
B, = 10 kG,

aBo 10na280
iV ar ~ 7.5 (10)

(@) = 1
37 B (@)
so the discharge should be stable.5 if it has a diffuse profile.
The appealing thing about this theory is that it utilizes only
a single concept, shear stabilization of a mirror plasma. This could
be tested on a relatively small low cost experiment like that of
Ref. 2. If it works, one then has the option of using a minimum B
configuration if cylindrical symmetry is unimportant, or a shear

stabilized configuration if cylindrical symmetry is important.
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Fig. 1. Schematic of a shear stabilized mirror plasma.
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